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ATTRACTIONS.
[ART. 106
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F! that of the rest  of the body, Laplace's theorem Va<Fi=sO, hence
then   F=Fa+F2.    But by
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where JT2, F2, Z^ are the resolved attractions at P of the matter within the sphere. But by Art. 77
X, = - f-rrp (a? - a),     F2 = - ITT/S (y - 6), &c.
It easily follows by substitution that V^F== —4*7rp. Another proof of this theorem founded on Gauss' theorem is given a little further on.
We may notice that the centre of the sphere, though arbitrary in position, must not be taken coincident with P. The reason is that we differentiate F2 with regard to the coordinates of P, i.e. we make P travel from the point (x, y, z) to a neighbouring point (x + dx, &c.). But since the centre of the sphere is fixed, it cannot be made to coincide with both the positions of P.
Ex.   When the law of force is the inverse distance and the attracting body
is a lamina attracting particles of its own substance prove that ^ + J~~5~ — 2rp.
[Deduce this from the attraction of a cylinder (Art. 14) or from that of a circular area (Art. 57) by the method of Art. 105.]
106.    Gauss5 theorem.    Let S be any closed surface, and let MI be the sum of the attracting masses which lie within the surface.
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if2 the sum of the masses outside. Let do- be any element of area of this surface, Fthe normal resolute at this element of the attraction of the whole mass both internal and external. Then fFdo- = + 47rM1 where the integration extends over the whole surface of S and the upper or lower sign is taken according as F is estimated positive or negative when the normal force acts inwards*.
* This theorem was given by Gauss in 1839, his paper is translated in Vol. in. of Taylor's Scientific Memoirs. It was also given by Sir W. Thomson in 1842 in his papers on Electrostatics and Magnetism. The demonstration given by Sir G. Stokes in 1849 has been followed here. He also deduces the Cartesian form of Poisson's equation from Gauss' theorem. See hia Mathematical and Physical Papers.

